BACKGROUND: This study aimed to investigate the effects of moderate-intensity exercise on the sympathetic nervous system of male smokers.
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Cachexia is a complex metabolic syndrome characterized by loss of muscle, with or without loss of fat mass, and is most often associated with underlying illness. 1 Many patients with chronic and end-stage diseases including infection, cancer, and congestive heart failure, demonstrate nutritional changes characteristic of cachexia. 1,2 Patients in the early stages of chronic obstructive pulmonary disease also display significant systemic features, such as reduced fat mass, 3 muscle loss, and skeletal muscle wasting. 4, 5 The pathogenesis of these features is complex and may result from multiple factors, including energy imbalance, disuse atrophy, and systemic inflammation. 6 Furthermore, cigarette smoking, which is a major risk factor for chronic obstructive pulmonary disease, cancer, and congestive heart failure, 7 has been linked to reductions in body weight and body mass index. 8 These effects are thought to be due to increased energy expenditure and a reduction in appetite. 8 Thus, cigarette smoking may be associated with weight loss even before the development for chronic obstructive pulmonary disease or other pathologies.
Energy expenditure antagonizes the activity of the autonomic nervous system (ANS), which controls the heart rate (HR) and rhythm. The R-R interval, also known as the inter-beat interval, is determined by the net effect of sympathetic and parasympathetic inputs and can be measured on an electrocardiogram (ECG). Spectral analysis of heart rate variability (HRV) has gained general acceptance as an indicator of ANS function. 9 Power spectral analysis of HRV has demonstrated at least 2 distinct regions of periodicity within the ECG R-R interval: high-frequency (HF) power (>0.15 Hz), which solely reflects parasympathetic nervous system (PNS) activity, and low-frequency (LF) power (<0.15 Hz), which is dually mediated by sympathetic nervous system (SNS) and PNS activity. 9 Previous studies using power spectral analysis have demonstrated that inactivity of the ANS, particularly the SNS, may indicate a risk of future weight gain and development of obesity. 10 Furthermore, recent obesity studies have suggested that very-low-frequency power (VLF; 0.007-0.035 Hz) of HRV is selectively lowered in obese individuals in response to several thermogenic perturbations such as acute cold exposure and food intake. 11, 12 This research has demonstrated that spectral analysis of VLF power of HRV can be used as a means of evaluating energy metabolism and thermoregulatory SNS function in humans.
To our knowledge, the effect of moderate-intensity exercise on the VLF power of HRV has not previously been investigated in smokers. The primary objective of this study was to evaluate the VLF activity of HRV in smokers and non-smokers after moderate-intensity exercise by means of power spectral analysis of HRV. We hypothesized that smokers would display continual hyperactive VLF power of HRV.
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Study Participants Study Participants Study Participants Study Participants
Height-and weight-matched male non-smokers (n = 14) and smokers (n = 14) between the ages of 21 and 46 years were recruited for the study. In previous studies, ANS activity has been found to vary with body type. 10-12 Therefore, we matched body types among participants in order to isolate the effects of cigarette smoking. The smokers were asked about the duration and frequency of their smoking habit. The weight and fat-free mass of each volunteer were measured using a bioelectrical impedance analyzer (Inner Scan 50V; Tanita Corp, Tokyo, Japan). Body mass index and fat-free mass index were calculated as body weight/height 2 and fat-free mass/height 2 , respectively. Participant demographics are presented in Table 1 . Members of both the smoking and non-smoking groups were in good health and had no evidence of hypertension, cardiovascular disease, diabetes mellitus, or other disease. Every participant kept regular hours at the university and/or at jobs. None of the participants reported engaging in regular exercise. Each participant was instructed to avoid alcohol, coffee, and tea and to fast for 8 hours preceding the study to reduce the effects exerted by alcohol, caffeine, and food intake on the ANS. None of the participants reported a history of heavy drinking, a habit of staying up late, or engaging in extreme exercise the day before the study. Participants who smoked were also required to abstain from smoking for 8 hours before the study to limit the acute effects of cigarette smoking, such as increased HR, on the measurements. 13, 14 The continuous exercise load used in this study was determined using the Karvonen formula so that the increased HR would place the same load on the bodies of smokers and non-smokers. On the day of the study, the participants stayed in a quiet, comfortable room with minimal stimuli from 2 to 6 pm. This period of the day was chosen to reduce the effects of the circadian rhythm on ANS activity.
In accordance with previous studies, 11, 12 the temperature and humidity of the room were strictly regulated (Table 1) , and all participants were dressed uniformly in T-shirts and shorts made of the same materials. The regulation of respiration prevented placing a significant load on the participants during the exercise period. The recovery period lasted for 30 min after exercise. The target heart rate (HR target) for the continuous exercise load was set using the Karvonen formula:
(HRmax − HR rest ) × 60% intensity + HRrest. The intensity level was set at 60% of the estimated maximal HR, which was calculated as (220 − age). Moderate-intensity exercise was performed on a bicycle ergometer (Combi, Tokyo, Japan) and consisted of pedaling at 60 rpm. The initial power output was 25 W. Participants achieved 60% intensity within 5 min, and the exercise was continued at this intensity for a nother 15 min. The HR was continuously measured using the Sports Heart Rate product (S801i; Poler Electero Corp, Finland). R R R R----R interval power spectral analysis R interval power spectral analysis R interval power spectral analysis R interval power spectral analysis Periodic components of HRV tend to aggregate within several frequency bands. 9 ANS activity can therefore be measured non-invasively by HRV power spectral analysis, which deconstructs a series of sequential R-R intervals into a sum of sinusoidal functions of 
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Our findings indicate that after completion of moderate-intensity exercise, VLF/TOTAL and (VLF+LF)/HF were higher and HF/TOTAL was lower in smokers than in non-smokers with identical exercise loads. In addition, the VLF/TOTAL before exercise and the LF/HF, (VLF+LF)/HF after exercise were higher in smokers than in non-smokers. These findings are contrary to those previously reported for obese subjects. 11,12 Exercise in smokers may thus induce excessive increases in SNS activity, including thermoregulatory SNS activity.
The VLF activity of thermoregulatory sympathetic function reflects lipid metabolism. In obese individuals, VLF activity does not increase after thermogenic perturbations 11,12 and can be altered through dietary modification and exercise training. 15,16 VLF activity is associated with mutations in uncoupling proteins (UCP) and beta3-adrenergic receptors within adipose tissue. 17, 18 The activation of UCP1, UCP2, and UCP3, which are located in white adipose tissue, brown adipose tissue, and skeletal muscle, respectively, converts energy from the substrate into heat without using ATP. 19 Thermoregulatory SNS activity significantly correlates with plasma leptin concentrations. 20 Thus, the current results suggest that the elevated VLF/TOTAL in smokers reflects increased thermoregulatory SNS activity, both before and after exercise, which may over-stimulate the catabolism of fat in adipose tissue.
In this study, the observed changes in VLF/TOTAL, LF/HF, (VLF+LF)/HF, and HF/TOTAL in smokers persisted for 30 min after completion of exercise. These changes affect the SNS via metaboreflex, baroreflex, and central command. 21 In a previous study, smokers were observed to have a higher resting energy expenditure mediated by caffeine as a thermogenic perturbation. 22 The use of caffeine and nicotine during casual physical activity have been observed to increase energy expenditure in smokers. 23 Analysis of expired gas has revealed that the total thermic response of smokers is significantly greater than that of non-smokers over a period of 4 to 24 hours. 24, 25 Normal-weight smokers have a higher energy expenditure at rest for 30 min after smoking than do obese smokers. 26 Therefore, the already over-activated SNS in normal-weight smokers may be further activated VLF/TOTAL, LF/HF, and (VLF+LF)/HF by exercise.
These findings are clinically important. We deduce that the SNS of smokers may mobilize against adipose tissue, triggering cachexia when calorie intake is deficient.
Elevation of hypothalamic-SNS by leptin occurs indirectly through oxidation of fatty acids in muscle. 27 Smokers also experience muscle wasting 28 and loss of type 1 muscle fibers. 29 Furthermore, weight loss, including cachexia, is associated with increased morbidity and mortality. [30] [31] [32] Thus, normal-weight smokers may benefit from anti-smoking measures to prevent weight loss. periods were analyzed by Mann-Whitney's U test in 6 periods, respectively. *P < .05, †P < .1. Cigarette smoking duration (years) -8.8 ± 6.5
Cigarettes/day -10.8 ± 7.5
Pack years -6.3 ± 9.9
Systolic blood pressure † (mmHg) 121.3 ± 7.1 116.9 ± 8.7
Diastolic blood pressure † (mmHg) 75.9 ± 8.0 69.7 ± 6.7 * Values are mean ± SD. † Blood pressure was measured before exercise.
The only significant differences observed between the groups were duration of cigarette smoking, cigarettes/day, and pack years.
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